Endothelium was isolated from samples of aorta and vena cava obtained from cadaver donors at the time kidneys were harvested for transplantation. Digestion with collagenase and gentle swabbing were used to free the cells from the Intlmal surface. Low density seeding permitted isolation of individual colonies with typical endothellal morphology. Modified Medium 199 supplemented with 10%-20% human plasma-derived serum and an extract from the bovine hypothalamus (500 ^g/ml) enabled subcultured colonies to grow to confluency when culture surfaces were coated with fibronectin (1 /xg/cm 2 ). The presence of Factor VIII antigen was demonstrated using an indirect immunofluorescence technique. A monoclonal antibody to cultured umbilical vein endothelium, specific for endothelium, reacted with the subcultured cells from the aorta and vena cava. Type IV procollagen, flbronectln, and thrombospondln were identified as labeled proteins secreted by cultures of adult endothelium that had been Incubated with 3 H-prollne and 3 H-glycine. When the cultured endothelium was used In a sodlum-m-periodate stimulated T lymphocyte mltogenic culture system, the endothelium exhibited accessory cell function. Prostacyclln production stimulated by incubation with arachldonlc acid and PGH 2 was variable from vessel to vessel. However, average values were lower than normally seen with cultured primary umbilical vein endothelium. (Arteriosclerosis 4:4-13, January/February 1984) M any discoveries concerning endothelial function have been made in recent years following the development of methods for culturing endothelium. Umbilical vein endothelium has been used by many groups while others have studied endothelium from the bovine aorta, pulmonary artery, or vein. Both qualitative and quantitative differences have been observed in functional assays with endothelial cells from these different sources. We have examined adult endothelium under similar conditions to ascertain its functional characteristics in culture. Received March 19, 1982; revision accepted July 26, 1983. Early attempts to culture endothelium from adult aorta and vena cava were unsuccessful. It was necessary to change the culture conditions that we normally used for primary cultures of umbilical vein endothelium. We previously reported 12 that by modifying the culture conditions we have been able to isolate colonies with endothelial morphology. We have grown sufficient numbers of adult aorta and vena cava endothelium to compare with umbilical vein endothelial cultures. Primary cultures of endothelium from the vena cava and aorta of the same donor, subcultured endothelium from aorta and vena cava samples, primary umbilical vein endothelium and umbilical vein endothelium subcultured with the modification used for adult endothelium have been examined for functional ability by a variety of different assays.
M
any discoveries concerning endothelial function have been made in recent years following the development of methods for culturing endothelium. Umbilical vein endothelium has been used by many groups while others have studied endothelium from the bovine aorta, pulmonary artery, or vein. Both qualitative and quantitative differences have been observed in functional assays with endothelial cells from these different sources. We have examined adult endothelium under similar conditions to ascertain its functional characteristics in culture.
Early attempts to culture endothelium from adult aorta and vena cava were unsuccessful. It was necessary to change the culture conditions that we normally used for primary cultures of umbilical vein endothelium. We previously reported 12 that by modifying the culture conditions we have been able to isolate colonies with endothelial morphology. We have grown sufficient numbers of adult aorta and vena cava endothelium to compare with umbilical vein endothelial cultures. Primary cultures of endothelium from the vena cava and aorta of the same donor, subcultured endothelium from aorta and vena cava samples, primary umbilical vein endothelium and umbilical vein endothelium subcultured with the modification used for adult endothelium have been examined for functional ability by a variety of different assays.
Methods

Materials
The hypothalamic extract was prepared by a modification of the method of Maciag et al. 3 Minced bovine hypothalamus (Pel Freez Biologicals, Rogers, Arkansas) was blended with 0.1 M NaCI for 3 minutes in an ice-cooled blender chamber. The mixture was stirred for 2 hours on ice before centrifugation at 14,727 x g. The resulting supernatant was adjusted to 30% saturation with ammonium sulfate and stirred for 30 minutes on ice. The mixture was centrifuged 30 minutes at 14,727 x g at 4°C. The supernatant was adjusted to 90% saturation with ammonium sulfate, stirred, and centrifuged as above. The resulting precipitate was dissolved in 0.05 M Tris-HCI, 0.5 mM ethylenediamine tetra-acetic acid (EDTA) pH 7.5. The solution was dialyzed against the same buffer at 4 C C until no trace of ammonium sulfate was found in the dialysis fluid. The dialyzed material was lyophilized and stored at -20°C.
Human plasma-derived serum (HPDS) was prepared according to the method of Vogel, et al. 4 through the recalcification of platelet-poor plasma. The resulting serum was dialyzed against Ringer's solution, heated to 56 C C for 30 minutes, centrifuged at 27,000 x g for 20 minutes and filter-sterilized with 0.2 /i. filters. The serum was stored at -20°C.
Human fibronectin was purchased from Collaborative Research, Incorporated, Waltham, Massachusetts. The source and preparation of other materials used in the culture procedures have been described elsewhere. 5 Rabbit antiserum to 6-keto-prostaglandin F 1(1 (6-keto-PGF Ui ) was prepared according to the method of Smith et al. 6 IgGsorb was obtained from the Enzyme Center, Boston, Massachusetts. 
Cultures of Endothelium
Aorta and vena cava samples were collected by the surgical transplant team when kidneys were removed for transplantation. The vessels were opened lengthwise, rinsed with Dulbecco's phosphate buffered saline (PBS), and covered with a gauze sponge soaked in 0.1% collagenase in PBS. After a 20-minute incubation at 28-32°C, the sponge was removed and rinsed in modified Medium 199 (MM-199) with 20% fetal bovine serum (FBS). The vessel surface was wiped gently with a sterile swab moistened with the above medium. The swab was rinsed in a fresh tube of MM-199 with 20% FBS to remove the accumulated cellular material. The cell suspension was centrifuged at 300 x g for 10 minutes. The cell pellets were resuspended in the MM-199 with 20% FBS and plated in 96 well tissue culture plates or 75 cm 2 tissue culture flasks (Falcon Plastics, Oxnard, California). After 24 hours the medium was removed and replaced with MM-199 with 10-20% human plasma-derived serum (HPDS) and 500 nql ml hypothalamic extract (E). The medium was changed once a week. Conditions used to grow the adult endothelium were determined by testing the effect of FBS, HPDS, and hypothalamic extract on growth of primary umbilical vein endothelial cultures. The cell number in cultures containing the hypothalamic extract was 2-3 times that with serum alone within 96 hours. There was a slight, but significant, increase in the cell number when HPDS was used in place of FBS. Significantly fewer colonies were obtained when FBS and hypothalamic extract were used at the low seeding density. Attachment of cells transferred from primary to secondary cultures was enhanced by coating the surface with 1 fxg fibronectin per cm 2 area. When clusters of adult cells with endothelial morphology reached 2-3 mm in diameter they were transferred to 12 well tissue culture plates (Linbro Plastics, Flow Laboratories, MacLean, Virginia) or 25 cm 2 flasks coated with fibronectin. The clusters were isolated with cloning rings when in flasks, and in the 96 well plates the only wells selected were those free of contamination by other cell types. Cells were removed with 0.25% trypsin-0.05% EDTA. The suspension was diluted with MM-199 with 20% FBS and seeded without centrifugation. Two hours later the medium was replaced by MM-199 with 10-20% HPDS and 500 p.g/ml hypothalamic extract. Cultures were used for studies from the primary through the fifth passage. Other aliquots of the suspension were centrifuged and the pellets resuspended in MM-199 with 20% FBS, 25 mM HEPES, and 7% methyl sulfoxide (DMSO) before freezing and storing in liquid nitrogen.
Endothelium from human umbilical veins was isolated as described previously. 5 In our normal procedure, the cells were seeded at a density of 1 x 10 5 cells per cm 2 in MM-199 with 20% FBS. Twenty-four hours later the monolayer was rinsed with MM-199 without serum and fresh MM-199 with 20% FBS was added. Cultures were used for experiments within 72 to 120 hours after plating. When human umbilical vein endothelium was cultured under the same conditions as the adult endothelium, the cells were seeded at low density (<20 cells per cm 2 ) and the medium was replaced at 24 hours with MM-199 with 10-20% HPDS and 500 /ig/ml hypothalamic extract. (Some primary pools were used for passage and for experiments).
In some experiments the primary cultures and subsequent passages were treated with 50 ^M ibuprofen (Motrin) continuously after 24 hours in culture. The medium was changed at least every 72 hours.
The influence of repeated proteolysis during subculture with trypsin was tested by subculturing parallel colonies with Cytodex 3 beads. The beads were added and incubated overnight at 37 C C to allow migration of the cells onto the beads. The beads were gently resuspended and added to flasks containing MM-199 with 10% HPDS and 500 /u,g/ml hypothalamic extract, which had been coated with fibronectin. Flasks were left undisturbed for at least 24 hours. Subsequent passage was achieved by scraping the cells off the flask with a rubber policeman, pipetting to break up the clumps, and distributing the suspension onto fibronectin-coated culture surfaces.
Determination of Culture Purity
The presence of Factor VIM antigen in subcultured endothelium was verified by indirect immunofluorescence.
A monoclonal antibody was produced by fusion of NS-1 mouse myeloma cells with spleen cells from Balb/c mice which had been hyperimmunized with cells from primary cultures of human umbilical vein endothelium. 8 Five antibodies with significant binding to human umbilical vein endothelium were obtained. One of these antibodies appears to bind only to endothelium. Cultures of fibroblasts from the umbilical artery and smooth muscle from the umbilical vein as well as cellular components from peripheral blood were tested to determine the amount of antibody bound. Binding to suspended cells was measured by a radioimmunoassay. 8 When compared to nonspecific binding of mouse IgM, only endothelium demonstrated a significant increase in radioactivity. (Endothelium 9 x nonspecific binding, other cell types <0.5x nonspecific binding). This monoclonal antibody was used to test cultures from several samples of the adult vessels. Cells were detached with 0.2M urea and 0.1% EDTA in PBS. After washing the suspension was incubated 60 minutes on ice with the monoclonal antibody. The cells were pelleted and washed twice before incubating with a fluorescein-conjugated rabbit antimouse immunoglobulin for 60 minutes on ice. After washing three times the cells were suspended in PBS with 30% glycerol and 0.1% paraphenylenediamine and examined by fluorescent microscopy.
Protein Secretion
To examine protein secretion by the subcultured adult endothelium, one 75 cm 2 flask of nearly confluent cells was preincubated for 1 hour in 5 ml of glycine-free Dulbecco's Modified Eagle's Medium containing sodium ascorbate (50 /u.g/ml) and paminopropionitrile (64 /ng/ml). The cells were then incubated for 20 hours in fresh preincubation medium containing 25 ^Ci/ml, 2,3 3 H-proline and 2-3 Hglycine.
The culture medium was initially processed in the presence of protease inhibitors as described previously. 9 It was subsequently dialyzed directly against chromatography buffer (6M urea, 50 mM Tris-HCI pH 8.0 containing 0.2 mM phenylmethanesulfonyl fluoride and 2.5 mM EDTA) at 4°C. After centrifugation the sample was chromatographed on DEAE-cellulose as previously described. 9 Gradient elution of a sample of culture medium proteins had shown a single peak; therefore bound proteins were stripped from the column with 0.5M NaCI in chromatography buffer as an alternative to gradient elution.
Collagenase digestion and radioimmune precipitation was performed as described previously. 10 Affinity-purified rabbit antibodies to human Types I and IV collagen, human fibronectin, bovine Type III procollagen, and bovine thrombospondin were isolated and utilized according to published procedures. Proteins were resolved by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) on slab gels containing 0.5 M urea and were visualized by fluorescence autoradiography. 
Accessory Cell Function
Mononuclear cells (MC) were isolated from cadaveric donor splenic tissue by gentle teasing of the tissue with forceps. The cells were expressed into the surrounding RPMI 1640 medium, diluted with PBS, and centrifuged over a Ficoll-Hypaque density gradient. 12 Mononuclear phagocytes (MP) were obtained by a modification of the method of Pertoft et al. 13 MC at 1 x 10 6 cells/ml of RPMI 1640 with 25 mM HEPES buffer were sedimented with an equal volume of the RPMI 1640 solution containing 2% sheep erythrocytes (Microbiological Associates, Incorporated, Bethesda, Maryland) at 150 x g at 4°C, in nunc tubes (Vanguard International, Neptune, New Jersey). After a 1-hour incubation at 4°C, the pelleted cells were gently resuspended and centrifuged at 450 x g for 30 minutes over a Ficoll-Hypaque gradient at 4°C. Nonpelleted MC were recovered and washed in RPM11640 solution as above and subsequently centrifuged at 300 x g for 30 minutes over an 80% gradient of Percoll at 27°C. Mononuclear cells >90% enriched for mononuclear phagocytes, determined by positive esterase stain, 14 were recovered from the 1.060 specific gravity density band, washed three times in PBS, and maintained in PBS at 4°C until the initiation of experiments.
T lymphocytes were prepared from MC by a modification of the method of Greaves and Brown. 15 MC were resuspended in Barbitone buffer pH 7.2 containing 5% FBS at 5 x 10 8 cells/ml. Platelet contaminants and phagocytic cells were removed first by addition of 50 units/ml bovine thrombin to MC with continuous rocking for 5 minutes at 27°C. After sedimentation of platelet thrombi at unit gravity for an additional 5 minutes, the lymphocyte-enriched supernatant was recovered, supplemented with an equal volume of FBS, and warmed to 37°C. These cells were then loaded on a nylon wool column prewetted with Barbitone buffer supplemented with 5% FBS. After incubation at 37°C for 30 minutes, the column was then eluted with Barbitone buffer containing 5% FBS. Eluted cells were adjusted to 5 x 10 6 cells/ml and mixed with an equal volume of 2% sheep erythrocytes in nunc tubes. The cell suspension was sedimented by centrifugation at 150 x g at 4°C. After 1 hour at 4°C, pelleted cells were gently resuspended and sedimented over a Ficoll-Hypaque gradient at 350 x g. Nonpelleted cells were discarded. Adherent erythrocytes were lysed by 0.17 M ammonium chloride buffered to pH 7.2 with Tris. Cells recovered were >99% T lymphocytes as assessed by sheep erythrocyte resetting. 16 Less than 0.1% of the cells were mononuclear phagocytes as assessed by esterase staining. Purified T lymphocytes were washed in PBS three times and maintained in PBS at 4°C prior to initiation of experiments.
Endothelial cells were removed from the culture flasks by incubating 5 minutes with 5 ml 0.05% EDTA and subsequent scraping with a rubber policeman. After centrifugation for 10 minutes at 300 x g, the pellet was washed with the HEPES buffered RPMI 1640 with 20% FBS and pipetted gently to obtain a single cell suspension. The cell number was adjusted to 1 x iO 6 /ml. T lymphocytes were resuspended at 5 x 10 6 cells/ ml in PBS containing 1 mM Na-m-periodate and incubated at 0°C for 30 minutes. 17 Mononuclear phagocytes and endothelial cells were irradiated with 2400 rads from a cesium source (Mark 1 Model 22 Irradiator, JLS Shepherd, Glendale, California) to prevent replication during the culture.
Limiting dilution analysis with periodate-treated T lymphocytes revealed that at a concentration of 1 x 10 s cells/ml mitogenic proliferation was absolutely dependent upon addition of accessory cells. Therefore 0.2 ml of T lymphocytes at 1 x 10 5 cells/ml in RPMI 1640 with 25 mM HEPES and 10% FBS were distributed into flat bottom microwells (Microtest II 3040, Falcon Plastics). We added 50 yA medium or irradiated MP or endothelial cells (syngeneic with T lymphocytes) to wells containing unstimulated or periodate-treated T lymphocytes. Quadruplicate wells were incubated in a 95% humidified air/5% CO 2 atmosphere at 37°C for 96 hours. During the last 18 hours of culture, 2 p.Ci of 3 H-thymidine were added to each microwell. Cells were harvested onto glass filter fibers with a multiple sample automated harvester (MASH II, Microbiological Associates). 18 Tritiated thymidine incorporation was determined by liquid scintillation spectrometry. Results are expressed as mean total counts per minute from quadruplicate cultures.
Prostacyclin Production
Endothelial cultures in 4.5 cm 2 wells of Linbro multiwell plates or 2 cm 2 wells (Falcon No. 3047 24-well plates) were rinsed twice with Hanks balanced salt solution (without NaHCO 3 ) containing 15 mM HEPES pH 7.4. Agents used to stimulate prostaglandin production were 0.5 U/ml bovine thrombin in incubation medium pH 7.4 (IM), 5 10 /xM A23187 in IM, 20 /xM arachidonic acid in tris-buffered saline pH 8.6 (TBS), 0.93 nM PGH 2 in TBS, and the appropriate buffer controls. The monolayers were incubated with 0.5 ml (0.22/2 cm 2 well) of each solution for 15 minutes at 37°C. The wells containing arachidonic acid, or PGH 2 and their respective buffers were scraped with a rubber policeman before incubation. At the end of the incubation, the supernatant was removed and centrifuged at 1100 x g for 10 minutes. It was frozen at -20°C. Prostacyclin (PGI 2 ) production was determined by a radioimmunoassay for its stable degradation product 6-keto-PGF 1a .
19 Appropriate solution controls were tested for cross reactivity. Corrections for cross reactivity were made when indicated. Unscraped monolayers were rinsed with PBS and the cells removed with trypsin-EDTA. Cell counts were performed with a hemocytometer.
Cyclooxygenase Antigen Determination
Monolayers (75 cm 2 flasks) of primary umbilical vein endothelium, passed vena cava, and aortic endothelium were rinsed with PBS and removed by scraping with a rubber policeman. The resulting suspension was centrifuged at 15,000 x g, the supernatant removed, and the pellet frozen at -80°C. A radioimmunoassay for cyclooxygenase antigen 20 was performed in the laboratory of Gerald Roth.
Results
In the presence of HPDS and the extract from the bovine hypothalamus, cultures of endothelium from adult vessels grew from very low density. Efforts to grow these isolates in a primary culture without low density plating produced some cultures which appeared to be endothelial and others which were overgrown by other cell types. Because of this variability, we chose the low density plating method to achieve minimal contamination. Cells from individual wells of 96 well plates were successfully transferred when fibronectin-coated surfaces were used. The resulting cultures could be subcultured at a 1:3 to a 1:5 split ratio and reached confluence in 4 to 10 days. After serial passage the adult endothelium could be frozen and stored in liquid nitrogen. It was not possible to maintain the cultures beyond fifth passage because the rate of replication decreased. Figure 1 shows a small colony with epitheliod morphology 3-5 days after primary isolation on the left. Cells were metabolically labeled with 3 H-proline and 3 H-glycine as described in Methods, and culture medium proteins were chromatographed on DEAE-cellulose at 4°C. Unbound proteins (A) and proteins eluted using 0.5 M NaCI (B) were subsequently analyzed by SDS-PAGE(3%/ 6%/10% composite gel) under both reducing (+ DTT) and nonreducing ( -DTT) conditions. Visualization was by fluorescence autoradiography. The positions of migration of fibronectin (FN), thrombospondin (TS), and standard (std) Types I and IV procollagens are indicated. tivity with human thrombospondin, 21 precipitated a radiolabeled component of M r 190,000 which comigrated on SDS-PAGE after reduction with a thrombospondin standard (data not shown).
Culture Purity
The secretory phenotype of adult vena cava and aortic endothelial cells in vitro was therefore found to resemble very closely that of human umbilical vein endothelial cells, in that three major glycoproteins in the molecules, weight range of 150,000-250,000 after reduction, were recovered from the culture medium: fibronectin, type IV procollagen, and thrombospondin. In the secretion of fibronectin and thrombospondin, adult endothelial cells resemble most other endothelial cells in vitro. 22 However, in contrast to bovine endothelial cells from aorta, cornea, and vena cava, which secrete primarily the interstitial Type III procollagen into the culture medium, human adult endothelial cells secreted the basement membrane procollagen, Type IV.
Accessory Cell Function
A comparison of accessory cell function of adult human endothelial cells and mononuclear phagocytes is seen in Table 1 . The addition of equal numbers (5 x 10 4 ) of endothelial cells or MP to periodate-treated T lymphocyte cultures resulted in a twofold greater stimulation of 3 H-thymidine incorporation by endothelial cells. These effects could not be attributed to overgrowth of accessory cells during culture as their addition to nonstimulated T cell cultures did not result in significantly greater incorporation of 3 H-thymidine. Nor could they be attributed to contamination from culture supernatants, as the supernatants were ineffective in promoting mitogenesis of periodate-stimulated T cells at these low density culture conditions.
Prostacyclln Production
The amount of prostacyclin produced by cultures of adult endothelium incubated with 20 /xM arachidonic acid was quite variable from sample to sample. In a few cases where satisfactory primary cultures of vena cava (adequate numbers of cells with endothelial morphology) were used, the range was 36 to 450 Primary cultures of purified T lymphocytes from a cadaveric donor were treated with or without Na-m-periodate as described in methods. Nonperiodate-treated syngeneic purified mononuclear phagocytes or cultured human adult endothelial cells were added to T lymphocyte cultures. An equivalent volume of medium was added lo control cultures.
"Counts per minute. Primary cultures of umbilical vein endothelium were grown in MM-199 with 20% FBS or MM-199 with 20% HPDS and 500 /xg/ml hypothalamic extract (E). Adult endothelium was grown in the MM-199 HPDS + E combination. Release of 6-keto-PGF, u was stimulated with 20 ^M arachidonic acid, 0.93 fiM PGH 2 , 0.5 U/ml bovine thrombin, and 10 /uM A23187. Values equal the difference between the amount released by the stimulus and that released by buffer alone. pmol/10 6 cells. Primary aortic endothelial cultures produced a range of 0 to 71 pmol/10 6 cells. The range for subcultured vena cava and aortic endothelium was from 13 to 168 pmol/10 6 cells and 0 to 33 pmbl/10 6 cells respectively. All values represent the amount released with the stimulus minus the amount released with the respective buffer.
The results of prostacyclin production with 20 fiM arachidonic acid, 0.93 uM PGH 2 , 0.5 U/ml bovine thrombin, and 10 ^M calcium ionophore A23187 are shown in Table 2 . The primary umbilical vein was grown in the usual manner (1 x 10 5 cells/cm 2 in MM-199 withh 20% FBS) or with the medium used for adult cultures (1 x 10 5 cells/cm 2 in MM-199 with 10-20% HPDS + 500 /xg/ml bovine hypothalamic extract). The adult endothelium was plated at low density and subcultured as described. Significantly lower values were seen with the passed adult cells than with the primary umbilical vein endothelium (Columns 1 and 2). When portions of these primary umbilical vein cultures were subcultured (without low density seeding) there was a steady decline in prostacyclin production produced by all of the stimuli (data not shown).
The possibility that repeated proteolytic digestion or depletion of cyclooxygenase activity could be the cause for decreased prostacyclin production prompted us to test the following modifications. Parallel samples of umbilical vein endothelium that had been seeded at low density (<20 cells/cm 2 ) were cultured with or without 50 ^M ibuprofen (a reversible inhibitor of cyclooxygenase). The medium containing ibuprofen was added 24 hours after the initiation of the primary culture, and fresh medium was added at least every 72 hours. To verify that the concentration of ibuprofen used was sufficient to inhibit prostaglandin production, the medium from primary cultures of umbilical vein endothelium (1 x 10 5 cells/cm 2 ) with or without ibuprofen was tested to determine the amount of 6-keto-PGF, accumulated in 72 hours. The medium with and without 50 ^iM ibuprofen contained 37 ± 9 and 1216 ± 371 pmol/ ml respectively. Some of the cultures grown in each type of medium were subcultured with Cytodex 3 microcarriers as described or with the usual trypsin-EDTA method to rule out an effect of proteolytic digestion.
Arachidonic acid-stimulated production of prostacyclin by cultures of umbilical vein endothelium grown and subcultured under these conditions is shown in Table 3 . All values were less than 7% of the amount seen in primary cultures of umbilical vein endothelium shown in Table 2 . When the cyclooxygenase was protected, values were slightly but significantly higher in the trypsin-EDTA subcultured cells.
Cultures from adult vessel samples were also treated with 50 /xM ibuprofen continuously after the first 24 hours. One-half of them were subcultured with the microcarrier method and half with trypsin-EDTA.
The values for the subcultured umbilical vein endothelium (Table 4 ) and the adult vena cava endothelial cultures (Table 5) , with arachidonic acid, thrombin, or ionophore stimulation, were nearly equivalent. Those seen with aortic endothelium and arachidonic acid (Table 5) were substantially decreased.
When the 6-keto-PGF 1a value produced by each stimulus was divided by the amount produced by its respective buffer control, a ratio of 8.2, 3.8, and 12.6 Umbilical vein endothelium was initially seeded at less than 20 cells/cm 2 and grown in MM-199 with 10% HPDS and 500 ^ig/ml E with (cyclooxygenase protected) or without 50 /xM ibuprofen. Parallel colonies were subcultured with 0.25% trypsin-0.05% EDTA or with Cytodex 3 beads and scraping. 6-keto-PGr 1u was stimulated with 20 /xM arachidonic acid. Cultures were prepared as described in Table 3 except that 50 pcM ibuprofen was present in all of the culture medium. 6-keto-PGF lo release is described in Table 2. was obtained for arachidonic acid, thrombin, and A23187, respectively, in cultures of primary umbilical vein endothelium. Corresponding ratios with passed umbilical vein were 3.1, 1.1, and 1.0; with passed vena cava, 3.4, 1.2, and 1.1; with passed aortic endothelium, 1.1, 1.1, and 1.1; for arachidonic acid, thrombin, and A23187 respectively. The values for all the passed endothelial cultures were significantly lower with each of the three stimuli (p < 0.01) than the corresponding values for primary umbilical vein endothelium.
The amount of cyclooxygenase antigen in these cultured endothelial cells has also been determined. Primary umbilical vein endothelium (1 x 10 5 cells/ cm 2 ) cultured in MM-199 with 20% FBS had 190 ng of cyclooxygenase antigen/mg protein, vena cava and aortic endothelium (cultured as described in Table 2 ) 31 and <10 ng/mg protein respectively.
Discussion
In contrast to our previous experience with standard approaches, we have shown that adult human endothelium can be grown in culture from isolates plated at very low density. An extract from the bovine hypothalamus was an essential component of the medium. While human plasma-derived serum was not essential, it greatly increased the number of colonies produced. Fibronectin-coated surfaces were necessary to increase the plating efficiency when colonies were transferred. Maciag, et al. 23 reported that umbilical vein endothelium could be propagated Cell suspensions from adult vena cava or aorta samples were seeded as described in Table 2 . Release of 6-keto-PGF )n was also described in Table 2. in a similar manner, but that colonies formed from low density seeding could not be transferred more than once. Perhaps the human serum used in our system enhances growth. The purpose of the low density isolation is to separate the colonies with epitheliod morphology from those manifesting fibroblastic characteristics. It has been our experience that many primary isolates seeded at higher density appear to contain more than one cell type. All cells stained positively for Factor VIM antigen, a specific marker for endothelium (Figure 2) . A monoclonal antibody to human umbilical vein endothelium shown to react only with the endothelium of sections from a surgical specimen of normal adult human vein 8 also gave a positive reaction with the cultured adult endothelium. These results are further proof of minimal contamination with other cell types and retention of this specific antigen in culture.
The pattern of proteins which included basement membrane (Type IV) collagen, thrombospondin, and fibronectin secreted by the cultures of adult endothelium was very similar to that described by Sage et al." for umbilical vein endothelium. This result and the ability of the endothelial cells to serve an accessory cell function in the T lymphocyte culture system similar to that reported by Ashida et al. 24 are other characteristics which have been maintained after propagation.
Prostacyclin production, another characteristic of endothelium, was decreased in cultured adult endothelium when compared to primary umbilical vein endothelium. The effect seen with umbilical vein endothelium using the same culture conditions as those used for the adult endothelial cultures represented a steady decline in prostacyclin production with serial subculture (unpublished observation). The umbilical vein endothelial cultures which were started at a low density gave results similar to the adult vena cava cultures. Glassberg et al. 25 reported results similar to our arterial endothelial cultures when thrombin at 5 U/ml was used to stimulate cultures of iliac artery endothelium and umbilical vein endothelium. The increase shown by thrombin-treated cultures over control cultures was very small and was below the 3 pmol/ml detection limit of our radioimmunoassay. However, the fact that Glassberg, et al. 25 used culture conditions similar to ours (except for the addition of thrombin) with a similar decreased responsiveness to thrombin-stimulated prostacyclin production suggests that culture conditions can greatly affect prostacyclin production.
Our efforts to determine the cause for the decreased prostacyclin production have not produced definitive results. Protection from cyclooxygenase depletion by culturing cells in the presence of 50 /i.M ibuprofen did not prevent the decreased production. Similar results were also obtained when cells were subcultured with microcarriers and transferred by scraping instead of by exposure to trypsin-EDTA, suggesting proteolysis is not the cause. A recent report by Ody et al. 26 with endothelium cultured from the piglet aorta indicated a decline in total prostanoid secretion at confluence in early passages of endothelium 1 ' 3 compared to primary cultures. This reduction could be overcome by the addition of fibroblast growth factor.
The preliminary results from the determination of the quantity of cyclooxygenase by Dr. Roth would lead us to believe that the amount of the antigen is declining in culture. Further studies must be done to determine if this is the case. It is unlikely that this decrease is due to depletion of the enzyme as a consequence of production of prostaglandins or their derivatives in the culture, because the effect was not prevented by ibuprofen. Further studies are in progress to correlate antigenic activity with functional activity.
The cultured endothelial cells from adult vessels retain many of the functions and characteristics typical of endothelium. Production of prostaglandins from both subcultured umbilical vein and adult endothelium appears to be modified. Final assessment of the factors affecting prostaglandin production by endothelial cultures beyond the primary stage is not complete at present, but results in the current study are sufficient to alert investigators of a potential problem. The demonstration that adult human vascular endothelium can now be grown in culture removes an obstacle for many investigators who thought it impossible. Nevertheless, with present techniques, alterations in the functions of these cells may make comparative assessments hazardous if the effects of the culture conditions are not considered.
